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Plant Cytogenetics and Genomics

We investigate
# sequence composition and evolution of plant genomes
# chromosome biology and epigenetics
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Introduction of next generation sequencing in ~2005:
- getting sequence data was no longer a limiting factor ...

... but there were no computational tools for repetitive DNA analysis from short reads



RepeatExplorer pipeline

@ Unique principle of repeat identification from low-pass WGS data (graph-based
clustering)

@ De novo identification of repeats, no reference DBs, any genome
@ Works with short sequence reads (100 nt), no assembly
# Repeat annotation in subsequent steps

@ Additional tools

RepeatExplorer
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History

2019 >

2007 2010 2013 2014 2016 2018
* First paper on * Introduction * RepeatExplorer
repeat of graph- in Galaxy (Novak
clustering from based et al. 2013)
NGS data clustering
(Macas et al. (Novak et al.
2007) 2010)
command-

line version

* We need to provide are tools to user without access to suitable hardware

* Original pipeline was difficult to setup (our user are usually biologists without
experience with computers, Linux,...)

* We needed a job management/scheduling to efficiently utilize our HW
* We needed some kind of user management (Data and job quotas)
* We wanted to reuse our old PBS cluster

 Good documentation



History

@
2007 2010 2013 2014 2016 2018 2019
* First paper on * Introduction * RepeatExplorer
repeat of graph- in Galaxy (Novak
clustering from based et al. 2013)
NGS data clustering
(Macas et al. (Novak et al.
2007) 2010)
command- Public web-based
line version server
(luster of 12 * Tool definition
nodes)

* Tool requirement definition

* PBS cluster setup

* NFS storage setup
* Old ‘desktops’
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clustering from based et al. 2013) * TAREAN * ChIP-seq Mapper
NGS data clustering CZECH * ProfRep
(Macas et al. (Novak et al. REPUBLIC « REXdb database  * DANTE
2007) 2010)
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Frequently used and cited:

Server migration to

CERIT (start)

Server

in full use

(+ data storage)

Better Hardware

Flexible

Administered by IT proffesionals

year

number of jobs

CPUdays

2017

8656

30,891.5

2018

12504

29,126.6

2019

17367

29,984.1

2020

139925

43,092.2

2021

58036

15,947.5

RepeatExplorer principle (BMC bioinformatics, 2010)

RepeatExplore Galaxy server paper (Bioinformatics 2013)

TAREAN - New tool on Galaxy server (NAR, 2017)
REXdb database — (Mobile DNA, 2019)
Nature Protocols (2020)— Galaxy oriented protocols ho to use RE server

249 x

75 X
50 x

307 x
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Server migration to Server in full use
CERIT (start) (+ data storage)

Training — annual practical workshops - Galaxy oriented
e ~ 40 participants

* 60-70% foreigners, often PhD students

« 3 days, mini-conference + practical training
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* Tool integration, interoperability

* Utilization of RepeatExplorer unrelated tools

* Data pre-processing

* Visualization

* Genome browser integration

* Workflows, protocols sharing, data sharing

* Reproducibility

* Bug reports

* Lower barrier for less experienced users



Repetitive DNA characterization using RepeatExplorer

Plants

mostly non-model

# Over 100 species characterized so far
species

# Comparative studies

# Whole genome assembly projects
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Repetitive DNA characterization using RepeatExplorer

Plants
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@ Comparative studies

# Whole genome assembly projects
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We report a high-quality chromosome-scale assembly and analysis of the carrot (Daucus carota) genome, the
first sequenced genome to include a comparative evoluti lysis among members of the euasterid Il clade.
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We characterized two new polyploidization events, both occurring after the divergence of carrot from members of the
Asterales order, clarifying the evolutionary scenario before and after radiation of the two main asterid clades. Large- and
small-scale lineage-specific duplications have contributed to the expansion of gene families, including those with roles
in flowering time, defense response, flavor, and pigment accumulation. We identified a candidate gene, DCAR_032551,
that conditions carotenoid accumulation (¥) in carrot taproot and is coexpressed with several isoprenoid biosynthetic




Repetitive DNA characterization using RepeatExplorer

Plants

# Over 100 species characterized so far
# Comparative studies

# Whole genome assembly projects

Mammals
Bats, deer
Fish

@ Austrolebias charrua, Cynopoecilus melanotaenia
Insects

# Locust, grasshoppers, kissing bugs

Worms

& Soil helminths



Make you tools public

= Galaxy

PROJEC

- .

Tool Shed

— useGaIaxy.*




The team

w
Masaryk Univ. Brno: M. Machac, I. Kfenkova, A. Kfenek, Z. Salvet eli ,;f
CERIT / CESNET | ELIXIR (hardware) REPUELIC

Laboratory of Molecular Cytogenetics, Biology Centre, CAS

Pavel Neumann Jifi Macas Petr Novak Nina HosStakova Tihana Vondrak



Consultancy and Support Services

Thank you

~
a» (@]
2 ™M
@ e
Ll
=
%
o . o
= (¥p]
m
- ©
B
m Il
(o)
(]
- N
=]
| "B
S~ E8
w X
.'
l
U :
1= v
Y m
N e
R 74 <
5 "
a 3 gt ©
S a4 ml.r; e
e (NN ] |
o s w
o £ o
X VEREL:
P = T
o = =
L P
3 ¢
o B =
r = g
d
=
(7]
" s
]
o

Data for Life




Eaucato Irs

& Trainers

Ap

WEBINAR SERIES

= Galaxy
Resources

for...

Tool
Developers

May - ﬁ

Admin &
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Gianmauro Cuccuru
Lucille Delisle
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